r,ei3fP-0900 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

AppFn of: Delhouneetal. Group: 2626 

Serial No.: 09/748,681 Examiner: J. Grant H 

Filed: December 22, 2000 

For: PAGE COMPOSING METHOD USING STORED PAGE ELEMENTS 

AND APPARATUS FOR USING THE SAME 

CERTIFICATE OF MAILING 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA. 223 13-1450 August 16, 2005 

Sir or Madam: 

I certify that an Issue Fee Transmittal, a Fee Address Indication Form, a certified copy 
of priority document EP 99204592.2 and a postcard are being deposited today, August 16, 
2005, with the United States Postal Service with sufficient postage as first class mail in an 
envelope addressed to: Mail Stop Issue Fee, Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA. 22313-1450. 



Respectfully, 




Robert A. Sabourin 
Agfa Corporation 
Law & Patent Department 
200 Ballardvale Street 
Wilmington, MA. 01887-1069 
978-284-5604 



RAS/pc 



THIS PAGE BLANK (U8PT0) 



Europaisches 



European 
Pa(tentt OWice 



OiTiTice europeen 
dies brevetts 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



PatLenttanmeldlung Wr. Paftenft appDicadion Wo. Oemande die breveft n" 

99204592.2 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Office europeen des brevets 

P.O. 




LL.C. HATTEN-HECKMAhS 



DEN HAAG,DEN 
THE HAGUE, 
LA HAYE,LE 



03/10/00 



EPA/EPO/OEB Form 



1014 - 02.91 



THIS PAGE BiAm 




Europaisches 



European 
Fatten^ Oiffice 



Oiftrice europeen 
des breveits 



Blatt 2 der Besolieiriigyiig 
Sheet 2 of the oertifioate 
Page 2 de rattestation 



Anmeldung Nr.: 
Application no.: 
Demands nV 



Anmeldetag: 



Date of filing: 24/12/99 



99204592.2 



Date de depot: 



Anmelder 

Applicant(s}: 

Demandeur(s}: 

Agfa-Gevaert naamloze vennootschap 

2640 Mortsel 

BELGIUM 



Bezeichnung der Erfindung: 
Title of the inx^ntion: 
Titre de I'invention: 

Page composing method using stored page elements and apparatus for using the same 



In Anspruch genommene Prioriat(en) / Priority(ies) claimed / Priorite(s) revendiquee(s) 

Staat: Tag: Aktenzeichen: 

State: Date: File no. 

Pays: Date: Numero de depot: 



Internationale Patentklasstfikation: 
International Patent classification: 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaaten: 

Contracting states designated at date of filing: AT/BE/CH/CY/DE/DK/ES/FI/FR/GB/GR/IE/IT/LI/LU/MC/NL/PT/SE 
Etats contractants designes tors du depot: 

Bemerkungen: 

Remarks: 

Remarques: 



EPA>^PO/OEB Form 1012 - 04 98 



G06T11/60 



THIS PAGE BlkWA w 



FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
composing an image signal . 

More specifically the invention is related to a method for merging 
several page elements in real-time into one composite page signal 
which may be delivered to a printing engine. 

BACKGROUND OF THE INVENTION 

Several systems are known to deliver printing data to the printing 
engine of a digital printing system. The problem is that the system 
has to apply a method which is capable of delivering data at the 
speed of the printing system. 

One such method is described in the international patent application 
m-^-Sf /24933. This document relates to the merging of compressed 
raster images in a printing system capable of printing pages 
containing variable information with unrestricted variability from 
page to page. Each page is constructed of several page elements 
which are processed by the raster image processor (RIP) in advance 
and which are stored in a compressed format in a page element cache. 
These page elements are merged into one page according to the page 
layout script data. This merging is done while the page elements 
remain mainly in compressed format. The compressed raster image of 
the complete page is then delivered to the printer where it is 
processed by a decompression amd screening system which delivers 
data to the printing device. The method described in MO-^-SS/a-asss 
has however certain drawbacks- The continuous tone ("CT") data is 
compressed using a block based coit^ression method (e.g. JPEG 8x8, a 
compression standard of the Joint Photographic Experts Group) . In 
order to make rapid merging of two continuous tone page elements 
possible, the merging has to occur along CT coding block boiondaries. 
Thus the placing of these blocks has to meet certain criteria or the 
blocks of one of the page elements are translated in order to obtain 
an exact overlap of the blocks of the two continuous tone page 
elements. Such an adjustment can be done while keeping exact 
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registering of the boundaries of the different page elements because 
the locations of the boiandaries are stored independently of the 
image content of the page elements, but the image of the page 
element is also translated which can cause problems when the images 
5 of two continuous tone page elements need to be in exact 

registration. In a 300 pixel per inch system (12 pixels/mm) using 
8x8 JPEG coding this can lead to shifts of 1/3 mm which can give 
rise to visible distortions when printing certain images. The 
merging in coit^ressed format also requires that the page elements 
10 need to be coit^ressed using just one algorithm. If different (JPEG) 
formats are used then it may be necessary that the boundary blocks 
of the CT page elements have to be decoitrpressed, merged and 
coit^ressed again. When merging elements by superposition of blocks 
having transparent elements, the blocks have to be decompressed 
15 before merging. This irc^jlies the need for high processing power. 

The image information of these blocks is coit^ressed twice, leading 
to extra loss of image quality - 

Also other drawbacks of the known methods exist. It is difficult to 
merge two different page elements having a different resolution. 
20 When a single page element is required at two different locations 
and orientations on the same page, enough memory space has to be 
available to store the different copies of the page elements in e.g. 
different orientation. 

25 OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a method 
for merging several page elements and delivering page printing data 
to the printing engine in a digital printing system avoiding the 
30 drawbacks of the methods known so far. 

It is a further object of the invention to provide a method 
enabling merging and delivering data in real-time . 



It is another object of the invention to provide a file format 
enabling easy merging of page elements . 
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It is a further object of the invention to provide an easy 
method for enabling the use of various compression methods and 



resolutions . 





It is another object of the invention to provide a method for 
storing neighbouring pixels as closely together as possible on disk 
to enable fast retrieval . 

It is a further object of the invention to provide a method 
enabling a variety of image operations (rotation, clipping, merging, 
translation...) without previous computation or for storing the same 
page element twice. 

It is a further object of the inventions to provide a method 
enabling fast hardware as well as software decorc^ression and other 
image processing. 

Further advantages and embodiments of the present invention 
will become apparent from the following description and drawings . 

SUMMARY OF THE INVENTION 

The above mentioned objects are realised by a method having the 
specific features set out in claim 1. Specific features for 
preferred embodiments of the invention are set out in the dependent 
claims- An apparatus suitable for using the method according to the 
invention is also described herein and claimed in subsequent claims. 

Hereinafter the different terms used in the description and 
claims to define the invention are explained in relation to Fig. 1. 

- An image reproduction 10 is a reproduction of the image to be 
produced. This image can include continuous tone image data as 
well as text or graphics. 

The image reproduction 10 may be a physical reproduction printed 
out by a printing apparatus such as a digital printing apparatus. 
The image reproduction 10 can also be displayed as an image on a 
screen. The image reproduction 10 may also take the form of an 
electronic reproduction such as a file representing the image and 
which can be used for fxirther processing. An example of such an 
electronic reproduction is a file stored in a "tagged image file 
format" (TIFF File) . 

- An image signal is a signal provided to a printer, display device 
or other means. The image signal contains information necessary 
to display or print the image reproduction 10. This image signal 
can take the form of a complete static file though it is also 
possible it is a continuous dynaiaic stream of data from the 
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processing apparatus to the printer. It may be possible that the 
con5>lete file does never exist as a whole, because the data 
signals describing the start of the page may already have been 
processed or printed and deleted while the signals for the bottom 
of the page are not yet composed. The signal can take any form. 
It can be a digital signal or an analog signal, am electric signal 
as well as a modulated radio-signal or an infrared signal. 
A file 10' contains data necessary to compose the image signal, it 
normally consists of one or more page elements 11 ' which each hold 
data for a portion 11 of the image reproduction 10. It is possible 
that layout data, determining placement and orientation of the 
image portions 11 is present within the file 11 ' . 
A book file is a file containing only layout data necessary to 
print the job. This file gives references to one or more other 
files holding the data of the page elements 11' and it holds data 
about placement and orientation of these page elements 11 " - 
A page element 11* is a file or a portion of a file or a data 
stiructure containing data representing a image portion 11 of the 
image reproduction 10 to be reproduced. 

Layout data is data or a data structixre describing the coit^osition 
and layout of the image reproduction 10. This may comprise the 
position of image portions 11 represented by the page elements 11 ' 
within the iinage reproduction 10, orientation or an iit^osition 
scheme of the page elements. The layout data may be conprised in 
a separate layout signal or book file containing these data or the 
layout data may be included as a layout signal into the files 
holding the data of the required page elements . 

An area tile 12' is a portion of a page element 11' and contains 
data representative of a region 12 of an image portion 11. Such a 
region 12 is a subdivision, prefereible a partition, of an image 
portion 11. A partition of a set is a plurality of disjunctive 
subsets, with the provision in that the union of all the sxibsets 
is the set. Disj\inctive means that the intersection of each 
subset with all the others is empty. This area tile 12' contains 
all the information necessary for the reproduction of the region 
12 of the image portion 11. The term "autonomic" area tile 12' is 
used because no data from other area tiles 12 ' is needed to 
reproduce the region 12 of the image portion 11 described. 



Position data representative for a position of the region 12 
within said image portion 11 is prefera±>ly included within the 
page element 11' itself, 

- An image tile 13' is a portion of an area tile 12' containing data 
representative of a sub-region 13 of an image portion 11. Such a 
sub^region 13 is a subdivision of a region 12 of an image portion 
11. 

- An image block 14' is a portion of am image tile 13' 
representative for a sub-portion 14 of a sub-region 13 of an image 
portion 11, Such a sub-portion 14 is a subdivision of a sub- 
region 13 of an image portion 11. 

- The linear size of an object e.g. an image portion 11 or s\ib- 
portion 14 of a sub-region 13 is defined as the diameter of the 
smallest circle enveloping the object. Fig 2a shows an exait^le 
defining the linear size of a rectangular object. Fig. 2b gives 
an example for an irregularly shaped object. 

The above definition of linear size for a, possibly irregnlar, 
form of an object is not restrictive and only provides a 
reproducible definition for a linear size of a two dimensional 
object independent of the form of the perimeter of the object. 



BRIEF DESCRIPTION OF THE DRAWINGS 

1 shows the relation of the data structures to the physical 
representation of the data in the reproduction 
I'iSo 2a illustrates the definition of linear size. 
Fi©o 2b illustrates the definition of linear size with an 
irregularly shaped object. 

Wl^^ 2c illustrates the ratio of the linear size of an image 
portion 11 to the linear size of the regions 12 of the image 
portion. 

^igo 2d illustrates the ratio of the linear size of an image 
portion 11 to the linear size of the regions 12 when using an 
vmf avourable dividing method for segmenting the image portion 11 . 
^igfo 3 shows a typical configuration of a processing apparatus for 
carrying out the invention 

^i©o ^ shows a typical data structure for a page element 11'. 
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Fig. 5a to 5d depict a graphical representation of page elements 
used in the described example. 

Pig. 6 shows the final image reproduction to be sent to the printer. 
Fig. 7 shows a representation of partially drawn page elements when 
printing a first bcind. 

Fig. 8 shows the location of a second band to be printed. 



10 DETAILED DESCRIPTION OF THE INVENTION 

A specific method according to the invention will be described below 
in relation with an apparatus designed to operate according to the 
invention* 
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Fig. 3 depicts an apparatus for generating an image signal out of 
several page elements 11'. Signals containing the page elements 11' 
may be fed to the processing apparatus 20 via a communication 
channel 21. The data are fed to the processing unit (CPU) 22. This 

20 CPU 22 is coupled to a memory means 23, preferably outside the 

processing apparatus 20, via a data bus 24. Beside the memory means 
23 there is also provided a random access memory 28 for allowing 
storage of e.g. area tiles 12' in a ciuick accessible medium. Once 
e.g. an area tile 12' is loaded into the random access memory 28, 

25 image blocks 14' of the area tile 12' can be accessed quickly 
therefrom. The CPU 22 is further coupled to a merge system 2 5 
preferably inside the processing apparatus 20, The merge system 25 
cctn conprise for example a Field Programmable Gate Array (FPGA) and 
delivers the page signal to the printing engine 26 via the data 

30 connection 27. A typical memory means 23 is a magnetic storage disk 
but other types of memory means can be used. 

The coirplete printing job may be stored in one or more files 10', 
possibly accompanied by a book file. The files 10' hold all 
35 necessary instructions and data for executing the printing job, 

thereby enabling generation of the image signals required for the 
image reproduction 10. For each page in the job the page can be 
described by: 



- layout data including a list of references to the required page 
elements 11' for composing tlie page, data representative for the 
relative position of the image portions 11 on the image reproduction 
10, i.e. placement in relation with the starting point of the page 
and optionally the orientation of the image portion 11 in relation 
to the page and page element iit^osition scheme within the page i.e. 
the order of placement, which includes which page element is located 
above another when portions of the elements occupy the same 
location. The information about the orientation preferably contains 
information of orthogonal rotations, i.e. rotation of the page 
element at integer multiples of right angles (0, 90, 180 or 27 0 
degrees) and mirroring together with a rotation at 0, 90, 180 or 270 
degrees. Also other information can be included. As an example 
information about a preferably rectangular clipping path can be 
added. A clipping path is a closed curve overlaying an image 
portion 11 and enclosing an area to which the reproduction of the 
image portion 11 is to be restricted. A rectangular clipping path 
may be identified by the co-ordinates (x,y) of two points {xl,yl) , 
(x2,y2) representing e.g. the upper left and lower right comers of 
the rectangle. 

When no layout data book file containing layout data is given, the 
file containing the page elements may provide information serving as 
layout data, 

- The various page elements 11 ' recjuired for printing an image 
reproduction 10 CcUi be grouped within one or more files 10*. The 
recjuired page elements 11' are preferably stored in a specific file 
format on a memory means 23 after the page elements 11' have been 
converted to that specific file format. It is possible that the 
required page elements 11' are delivered in a file already converted 
into the specific format. In this case conversion is already done 
in advance. 

As shown in Fig. 4, in a preferred embodiment, such a file 10' 
having a specific format, may typically con^rise: 

- A start magic number e.g. 4 bytes indicating the start of the 
file. The number is typical for the used file format. 

" A file header containing following data: 
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- version tag and data information about the version of the file 
format 

- resolution tag and data containing the resolution code of the 
page elements 11'. The resolution of the page elements 11' can 
be e.g. 300 dpi (12 dots per mm), 600 dpi (24 dots per mm) or 
other integer sub-multiples of 600 dpi for a 600 dpi (24 dots 
per mm) printer. 

- optionally a comment tag and data containing character comment 
or a nxomber identifying the file can be included to give human- 
readable information when the file is opened. 

- A sequence of page elements 11' in the file 10' containing all the 
data of the page elements 11' stored in a special format. 

- A file footer mainly holding data needed to locate the address of 
page elements 11' within the image file 10'. Beside a tag, a data 
field containing metadata for each page element may be present to 
contain for each page element the following fields: 

- A page element identifier (ID) which is a xinicjue identification 
of the page element 11' within the file, 

- Start offset of page element 11 ' , representative for the 
position of the memory location of the start of the data of the 
page element 11 ' , 

- Size of the portion of page element 11 ' located before the page 
element metadata tag, i.e. number of memory locations occupied 
by the page element image data before the metadata tag. 

- Number of memory locations occupied by the coitplete page 
element 11*, i.e. size of the full page element 11'. 

The file footer may also contain a tag indicating the end of the 
file together with a data field containing: 

- Start offset data of first page element 11', offset data of the 
memory location of the start of the data of the first page element 
11' . 

- A magic number serving as a marker for indicating the end of the 
file. 



The page elements 11 ' and layout data may be stored separately from 
each other. The page elements 11' in the page element sequence of 
the file 10' have preferably rasterised data, representative for at 
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least one image portion 11 of the image reproduction 10. Rasterised 
data represent an image by using a two dimensional array of pixels. 
Each pixel represents a small portion of the total image. The array 
is preferably compressed by a compression method such as JPEG, 
5 CCITT, etc... CCITT is a compression standard of the Comite 
Consultatif International Telephonique et Telegraphique . 

In order to obtain the special format of the page elements, the 
different page elements are first read and ripped if necessary to 
10 obtain rasterised image data by the central processing unit 22. 
Page elements 11* can be offered initially to the processing 
apparatus 20 via commionication channel 21 in various formats. Some 
of the possible formats are; 

- Text files in combination with various fonts, 

15 - Vector oriented drawings, such as lines, circle segments, arcs, 
Bezier curves, filled trapezoids, etc. 

- Continuous tone imagery, etc. . . 

During ripping to obtain rasterised image data, input data for page 
elements 11' is interpreted and converted to bitmap data i.e. 
20 rasterised data. Text files are combined with the appropriate font 
data and also converted to bitmap data. Also other object 
descriptions having various file formats can be decoded and 
converted to bitmap data. This may be done by the central 
processing unit 22. The result is a bitmap for each page element 
11*. A bitmap is typically a two-dimensional array of pixels. Each 
pixel represents a small sq[uare or rectangular portion of an image 
portion 11. In grey images, each pixel may be represented by one 
value e.g. in the range of 0-255. In colour images, each pixel is 
typically represented by three or more colour components . For each 
colour component of each pixel a value is required. In a system 
with three colour components, where each colour pixel value is 
represented by 8 bits, each colour pixel may take 256 different 
values for each coit^onent. Consequently each pixel may take 256"^ = 
16,777,216 possible values. 
35 Besides the three colour values, extra bitmap values can be 

calculated for the black colour component. After ripping each page 
element 11' is thus described as rasterised data representative for 
an image portion 11. 



30 
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According to the invention the ripped page elements 11' are 
segmented after ripping and deconposed by the CPU 22 in smaller 
units for each colour and stored in the memory means preferably 
according to a hierarchical order. The page elements 11' will be 
stored in this format as to enable them to be used at different 
locations and orientations within the pages without the need for 
ripping the elements a second time. This requires less processing 
power and reduces the required amount of memory of the memory means 
23. The same page element 11' can also be used at different 
locations in the image reproduction 10 to be printed. Preferably 
the page elements 11' are delivered in a file format wherein they 
have been ripped and segmented in advance, so the page elements can 
directly be stored in the memory means 23. 

Hereinafter a format for storage of the page element 11' which can 
be used in the invention is described. The different levels of the 
hierarchical order are described for the preferred embodiment 
beginning with the smallest building block of the image. 



XMAOB BLOCK ISVEXt 

The smallest element in the stored page element 11' is an image 
block 14 ' . 

In a preferred embodiment an image block 14' contains the data of a 
25 square area 14 of 64x64 pixels. In the described embodiment for a 

printing engine 2 6 operating at a spatial resolution of 600 dots per 
inch (600 dpi corresponding to a resolution of 24 dots /mm) , the 
image block 14' is representing a sub-portion 14 of a sub-region 13. 
The image block 14' therefore typically contains data for a square 
30 area of 0.27cm x 0.27cm of the image reproduction 10. The size is 

preferably the largest block that can be manipulated by the hardware 
or optionally by software used for con^osing the image signal. This 
small size of the image block 14 ' enables rapid rotation or 
mirroring of the image block 14 ' and therefore the whole page 
35 element 11' can be rapidly manipulated. The image block 14' 
typically has a following structure: 

- Image block header containing a compression format code which 
indicates which compression format is used for the image block 14 ' . 
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This code may be stored in a memory location having the length of 
one byte. 

- Image data which can be in compressed format. The structure of 
the contpressed data depends on the compression format used. For 
image blocks 14' multiple formats can be supported for e.g. cases in 
which the compressed data size would be unacceptably large. For 
this reason various prediction schemes can be used. The content of 
the data may be continuous tone or line work data. Data of en^ty 
image blocks 14' can be omitted. However, an indication of these 
empty image blocks 14' is preferably stored. 

Also other information can be incorporated into the image block 14 ' , 
For specialised printing jobs new channels for various uses can be 
added e.g. transparency gradations, image gloss value . . . 
Information about the placement and orientation of the image 
block 14 ' may be incorporated into the description of the page 
element 11'. Preferably also the offset of the memory location for 
the data in the image block 14' is stored. This enables a rapid 
accessing of the image block data in an order needed to compose the 
image signal. Several sequences for accessing a set of image blocks 
14 ' can be used to compose the image signal dependent upon the used 
algorithm for assembling the image reproduction 10. These offset 
data can be incorporated at various levels in the page element 
description . 

In the most preferred embodiment several image blocks 14 ' are 
assembled into one image tile 13 ' . 

According to the most preferred embodiment an image tile 13' is the 
smallest block that will be manipulated by the software. It is 
composed of image blocks 14* and provides a block of reasonable size 
to work with when performing block based operations in software. It 
is also an aid to minimise metadata, such as e.g. the offset of the 
memory locations of the image blocks 14 ' , about the image 
blocks 14 ■ . An image tile 13 ' represents a sub- region 13 of an 
image portion 11 located on the image reproduction 10 . 
In the preferred embodiment the image tile 13 ' contains a square 
matrix of 4x4 image blocks 14', what means that its size is 256x256 
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pixels. At 600 dpi (24 dots/mm) this corresponds to a square area 
of 1.08cm X l.OScm on the iiaage reproduction 10. 

The image tile structure 13 » con5>rises typically the following data 
structoires : 

- An image block sequence: This is preferably simply a sequence of 
image blocks 14 » in the image tile 13 ' . In a preferred embodiment 
eitpty image blocks 14' are omitted from the sequence. 

- Image block Metadata: This data structure contains a tag and a 
data field containing information about the offset of the data of 
the image blocks 14'. This data field holds position data 
representative for the (relative) position in the memory of the 
image block data 14' within the image tile 13* in the memory 
means 23. This allows for easy retrieval of the image block data 
14*. In the preferred embodiment for each of the 16 image blocks 

15 14' an offset value of two bytes is stored. As can be calculated 

in an image tile 13' a total of (4x4) x(64x64) = 65,536 pixels are 
present. The offset value for each image block 14' can point to a 
corresponding memory location used for storing the image tile 13 ' . 
In the most preferred embodiment several image tiles 13 ' are 
combined into one area tile 12'. Preferably, offsets are stored to 
indicate the (relative) position in the memory where the data for an 
image block 14' starts. Empty image blocks 14' may be indicated by 
inserting an offset which equals zero. Likewise, it is preferred 
that memory offsets are stored for the start of an image tile 13 ' 
25 and eit^ty image tiles 13 ' can be omitted when a offset value of 0 is 
given for these image tiles 13 ' . 
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AR£A TII.E IiEVEIi 

According to the most preferred embodiment the area tiles 12 ' are 
30 the typical building blocks of the page elements 11' . When the page 
elements 11' are stored by the CPU 22 in the memo3ry means 23, they 
are segmented into these area tiles 12 ' which each contain data 
representative of a region of the image portion 12 . In the 
preferred embodiment the area tile 12 ' is composed of a square 
35 matrix of 8 x 8 image tiles 13' and contains (8x8)x(256x256) = 
4,194,304 pixels which, for a printing system operating an 
600 dpi (24 dots /mm) , represents a square area of 8.67cm x 8.67cm of 
the image reproduction 10 . 
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These area tiles 12 ' are in a format allowing easy reproduction of 
the area tile 12 ' without the use of data of other area tiles 12 ' . 
This also relates to the term "autonomic" area tile 12'. In some 
other storing methods using e.g. JPEG compression, data from a 
previous area tile 12 ' is needed to reconstruct the data of the next 
area tile 12 ' - This may lead to excessive processing effort for 
reconstruction the area tile 12', especially when the page element 
11* is to be rotated, mirrored, etc... Hereinafter an example of a 
format of such an autonomic area tile 12 ' used in the described 
embodiment is given: 
The area tile data may comprise: 

- An area tile tag and data field comprising a colour separation 
code. 

- The sequence of the image tiles 13* within the area tile 12*. 
Errpty image tiles 13' can be omitted from the image tile sequence 
or indicated by inserting cin offset which equals zero. 

- Image tile metadata: this may coit^rise a tag code and a data field 
having data for each image tile 13 ' in the area tile 12 ' . 

This data field may contain for each image tile: 

- transparency data indicating whether the image tile 13 • is fully 
opaque or not. 

" Image tile metadata offset, i.e. offset of the memory location 

where the image tile metadata cein be foxind. 
Optionally other fields can be included into the area tile: 

- Complexity data of the image blocks 14', representative for the 

amoxint of processing effort needed to process the area tile 12* 
data of the page element 11'. This field enables to make 
estimations about the complexity of a printing job. It 
typically contains a 1-byte code per image block 14' in the 
area tile 12', saying how good or how bad the image block's 
compression has been done. With this aid it is possible to 
calculate for a given printing engine 26 whether it is possible 
to do the necessary calculations to compose the image signal 
within the required time interval for delivery to the printing 
engine 26. The signal has to be timely available when the 
printing engine 26 prints the job. No interruptions in the 
delivery of the image signal are allowed while the printing 
engine 26 is running. Using the complexity data it is possible 
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to calculate in advance whether the printing job using the 
"book file" can be printed on the printing engine 2 6 in real 
time i.e. whether the processing apparatus 20 is capable of 
delivering data at the speed of the printing engine. When the 
processing power of the processing apparatus 20 is too low to 
keep up with the speed of the printing engine 26, certain 
calculations itiay have to be made in advance in order to 
diminish the amount of calculations needed when the job is 
executed in real time. Also information whether the image 
blocks 14- are totally transparent, totally opaque, or 
partially transparent may be included . 
- In order to indicate the end of the area tile 12 • and for data 
integrity reasons a CRC (cyclic redundancy check) footer is 
preferably added. The CRC code may be coii^juted based upon all the 
15 data written in the area tile 12 ' . 

AREA, TII<E MEMORY LOCATION. 

When con«)osing the image signal from the area tiles 12' of the 
different page elements 11', the image reproduction 10 is composed 
from top to bottom. Coit^josition of the image signal is done by 
processing the different area tiles 12' as they are needed. A 
detailed system for composing the signal will be described later on. 
In any case all the data of one area tile 12' have to be easily 
accessible. A particular advantage can be obtained when the data of 
an area tile 12' are stored in the memory means 23 at contiguous 
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locations such that retrieval of the data of an area tile 12 ■ can be j 

done very fast. When using a magnetic disk, the memory locations 

for storing con5)lete area tiles 12 ' are preferably chosen as to make 

sure that the reading mechanism has to perform a minimum of 

mechanical movements so less time is consumed in reading data from 

disk. This can be done by storing the data in sectors where each 

sector comes directly after the previous. To obtain this storing of 

the data in contiguous memory locations, it is important to have 

optimum memory management. Fragmentation of the data is to be 

largely avoided. This gives an import emt advantage when the 

processing of the page elements 11' is to be done in real time i.e. 

while the printing engine 26 is running. Especially hard disk 

reading mechanisms are relatively slow and when data is stored at 

^^^^ 
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unfavourable memory locations a large amount of time is consumed 
while waiting for the mechanical parts to move to places where the 
data is to be read from the memory means 23, especially when data is 
scattered around at different locations of the disk. This threatens 
5 the continuance of the data stream to the printing engine 26. Also 
for other memory means 23 using different storing methods a good 
choice of memory locations for storing one area tile 12 ' can make a 
difference relating to the speed of retrieval of the area tile 
data 12 * . 

10 It can be seen that an area tile 12 ' does not only represent a 

region 12 of an image portion 11 on the image reproduction 10 but 
can preferably also be related to a (physical) area in the memory 
mecuas 23 . 

Also for other types of memory a favourable way of storing can be 
15 found. Using solid state memory modules such as conventional random 
accessible memory, it can be avoided that retrieved data has to be 
extensively processed to obtain the required data in the right 
order. Memory management is very iit^ortant. 

Preferably the different area tiles 12 ' are stored in the memory 
20 means 23 in the order they are needed for composing the image 
signal. This even ensures faster retrieval and faster overall 
processing. 

25 In a preferred embodiment image blocks 14' or image tiles 13' or 
area tiles 12' represent an image subdivision having a square 
geometry. In a more preferred embodiment all sub-elements i.e. 
image blocks 14 ' , image tiles 13 ' and area tiles 12 ' all represent 
image subdivisions having a square geometry. A square geometry 

30 means that the number of pixels in a row equals to the nxamber of 

lines in such a subdivision, e.g. 64x64; 256x256; 4096x4096. This 
is the most favourable case but other geometric forms can be used. 
In other embodiments the page element 11 ' can be composed of 
rectcingular image subdivisions, but also other forms such as 

35 triangles, diamond-like forms or even irregular forms are 

conceivable. It can be seen that for certain applications in image 
printing specific form are favourable ; e.g. when printing packaging 
material intended for a package having the shape of a tetrahedron. 
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specific forms of image portions 11 (page elements 11') and hence a 
specific shape of the region 12 of image portions 11 (area tiles 
12') can be favourable. 

The borders of the image regions 12 represented by the data of the 
area tiles 12' preferably exactly join with the border of the 
neighboviring regions 12 but this is also not necessary. 

The linear size of the region 12 which is represented by the area 
tile 12 ' in relation to the linear size of the whole image portion 
11 represented by the page element 11' may vary. In order to obtain 
a maximum advantage of the described method, the linear size of the 
image portions 11 (electronically represented by page elements 11') 
and the linear size of the regions 12 of image portions 11 (area 
tiles 12') best meet certain criteria. However defining these 
criteria for irregularly shaped regions may lead to different values 
for the criteria. 

When defining the linear size as described above, in conjunction 
with figures 2a-2d, the linear size of the image portion 11 
represented by the page element 11' is the diameter of the smallest 
enveloping circle enveloping the image portion 11 represented by the 
page element 11' and the linear size of the region 12 of the image 
portion 11 represented by the area tile 12 ' is the diameter of the 
smallest enveloping circle enveloping this region 12 represented by 
the area tile 12*. It is hereby advantageous that twice the linear 
size of the image region 12 is smaller than or ecjual to the linear 
size of the image portion 11. 

Fig. 2c shows an example where one image portion 11 has three 
adjacent regions 12. The linear size 29 of the image portion 11 is 
indicated by axis line 29. The linear size 30 of the region 12 is 
indicated by axis line 30. Because the ratio of the linear size 30 
of the region 12 and linear size of the image portion 11 meets the 
criteria, that S3o/S29^0,5, each region 12 represents a relative 
small and compact segment of the image portion 11. A less 
favourable excmiple is given in Fig 2d, Here the linear size 29 of 
the image portion 11 and the linear size 3 0 (shown somewhat 
translated in order to avoid overlap with 29) of the regions 12 
representing the area tiles 12' do not meet the criteria and when 
processing the area tiles 12 ' it is clear that each region 12 is not 
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restricted to a small portion of the image reproduction 10. As 
described later on this can lead to disadvantages when composing the 
image reproduction 10. 

For the same reasons it is favourable that the linear size of the 
sub- regions 13 represented by the data of the image tiles 13 ' meet 
the same criteria, i.e. that the linear size of sxib-region 13 is 
smaller than or equal to half the linear size of the region 12. 
In a preferred embodiment, it is also advantageous that the ratio of 
the linear size of the sub-portions 14 and the linear size of the 
sub-regions 13 meet the same criteria, i.e. it is favourable that 
the linear size of the sub-portion 14 is smaller thcui or equal to 
half the linear size of the sub-region 13. 



When preparing the printing job, a page element 11* is segmented 
into different autonomic area tiles 12*. Each area tile 12' has 
tile data representative for a region 12 of the image portion 11. 
This data is stored into the memory means 23. There is no limit on 
the maximum nxjmber of area tiles 12* within a page element 11' . A 
page element 11' is preferably completely self-contained and 
therefore can be drawn separately i.e. without using data from a 
neighbouring page element 11' or it can be extracted out of a file. 

According to the most preferred embodiment, the data-structure of a 
page element 11' typically is as follows: 

- Page element tag indicating the start of a new page element 11' 

- A sequence of area tiles 12': This comprises the sequence of area 
tiles 12- in the page element 11*. Empty area tiles 12' can be 
oiaitted from the sequence. 

- Page element metadata tag indicating the start of the metadata 

- The metadata itself containing: 

- Width of the page element 11' (in pixels) 

- Height of the page element 11* (in pixels) 

- Resolution code indicating resolution of the page element 11 • 

- N\imber of colour separations and the different colour 
separation codes. 

- Area tile 12' metadata containing general information: 
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- Tag indicating start of area tile 12* metadata 

- Transparency rectangle indicating which pixels of the area 
tile 12' are fully opaciue. The rectangle is preferably 
described by x and y position of the upper left comer of the 
rectangle within the image portion 11 and the width and 
height of the rectangle. 

- Value of the quality factors used for compression of e.g. 
JPEG compression. 

- Niimber of different compression formats used and information 
about these coit^ression formats, 

- Next metadata about each individual area tile is listed 
containing 

- Start offset of area tile 12', e.g. relative locations 
pointing to the start address of the memory location where 
the data of the area tile 12' starts. This offset is 
preferably zero if the area tile 12' is empty. 

- Size of area tile 12' data occurring before the image tile 
metadata within the area tile 12 ' 

- Full size of area tile 12' {CRC included) 
Other fields may contain metadata about position and clipping. 

- clipping data may comprise 

- X position of the upper left comer of the clipping rectangle 
within the page element 11* (image portion 11) 

- y position of the upper left comer of the clipping rectangle 
25 within the page element 11' (image portion 11) 

- width (in pixels) of the clipping rectangle 

- height (in pixels) of the clipping rectangle 

- Orientation (0« , 90** , 180« or 270«) and mirroring data are optional. 
When no special position or clipping is necessary, the description 

30 can be simplified. 

Other optional data fields can be included such as a Huffman table 
used for coding the page element 11' , Normally a standard Huffman 
table will be specified but a different table can be used for each 
page element 11 ' . 
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According to the method of the invention, the page elements 11' are 
segmented and stored in the memory meajas 23 as described above. 



According to one embodiment, the page elements 11* are segmented 
into area tiles 12'. According to a preferred embodiment^ the area 
tiles 12' are further segmented using at least one of the 
hierarchical levels described herein above. Area tiles 12' are 
preferably further divided into a plurality of image tiles 13 ' , each 
image tile 13 ' being representative for a sub-region 13 of the 
region 12 represented by the area tile 12 ' . In order to obtain 
rapid retrievability of the image tiles 13 ' , offset data containing 
information eubout the location of the image tile data in the memory 
is included into the page element 11*. As described above in a 
preferred embodiment the offset data of the image tiles 13 * is 
preferably stored at area tile level. 

The image tiles 13 ' are preferably further divided into image blocks 
14 ' representative for a sub-portion 14 of a sub-region 13 . 
One of the main advantages of a hierarchical structure for storing 
the image data, e.g. using page element 11', area tile 12', image 
tile 13' and image block 14' is that image data is rapidly 
retrievable. After an area tile 12' is loaded from the memory means 
23 into the random access memory 28, the data of an image block 14* 
and the reproduction parameters of the image block 14' can be 
rapidly found and retrieved from the random access memory 28 and 
brought together. This is done by using the metadata comprising the 
offset data included in the different hierarchical levels of the 
format. The retrieval of the image blocks 14' preferably should be 
possible in a random msmner. This is a big advantage when cort^^osing 
the image signal. It is to be avoided that long series of image 
blocks 14 • are to be read in order to obtain the data recjuired to 
generate a specific portion 11 of the image reproduction 10. 
Certain compression methods (e.g. JPEG) rely for the reproduction of 
one image block 14* on information from other image blocks 14'. 
These data have thus to be accessed in a fixed order to allow the 
retrieval and reconstruction of the needed data. When a page 
element 11' is rotated of mirrored the order in which the blocks are 
needed can be totally different from the order in the corr^ression 
sequence. This leads to retrieving and calculating large amounts of 
data which will eventually not be used. 



The reproduction par^neters of the image blocK 14 • may be derived 
from the metadata gathered from the different hierarchrcal levels^ 
certain parameter, are present as such in the file for:»t^ Others 
have to be derived or calculated from a combination of ^rfferent 
metadata stored o„ page element 11', area tile 12 ■ , image trie 
or image block 14' level. 

These reproduction parameters may include: 

^^^\.r^A <iiic>i as run length encoding, JPEG, . . . 
_ data coinpressxon method, sucn as xuii 

- gloss level 

- clipping paths, preferably rectangular 

- spatial resolution 

- position of the sub-portion 14 of the sub-region 13 on the x^ge 
reproduction 10 which can be calculated from the position and s.ze 
data at different levels, coxnbined with the layout data. 

- orientation of the image block 14' to be used. 

- transparency data, transparency gradation 

- colour separation codes 

- Huffman code table 

It is possible to store all the reproduction parameters at a single 
level. E.g. each image block 14' could have a metadata field 
comprising all the reproduction parameters for the block but this 
mostly leads to a high volume of data which is repeated for each 
block. This solution may require more memory space and thus 
involves a higher cost. 

Another solution would be to include all the reproduction parameters 
for all the image blocks 14' into the metadata field of the page 
element 11 • . This may lead to a large overhead for the computation 
of reproduction parameters in the page element file 10'. 
An appropriate distribution of the reproduction parameters over the 
several hierarchical levels may diminish the amount of metadata or 
the processing requirements. 

various alternatives can be constructed based upon this hierarchical 
structure. It is possible to use only the area tile 12 • level for 
segmenting the page element 11 • and not divide the area tile 12 • 
into lower level units. The image tile 13' level can be omitted 
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from the page element 11' format. The size of the pixel-matrix of 
the different s\ib-elements 11', 12', 13', 14* can be chosen larger 
or smaller but normally the size will mainly depend on the design 
and construction of the processing apparatus 20. The form of the 
segments 11, 12, 13, 14 may be different from square, e.g. 
rectcingular , rhombic, trapezoid, triangular, hexagonal, etc.. 
As mentioned above, the page elements 11' may be read and ripped by 
the CPU 22. The page elements 11' are preferably segmented into 
area tiles 12 ' which are preferably fxirther divided into image tiles 
13 ' and the image tiles 12 ' preferably are segmented into image 
blocks 14'. It is also possible that the page elements 11' are 
already delivered to the processing apparatus 2 0 in the desired 
format as described. When all the page elements 11', required for 
printing an image reproduction 10, are rasterised, segmented and 
stored in the memory means 23, the generation of the image signal 
can be started. All data required for composing the image signal is 
preferably read from the memory means 23 and stored in the random 
access memory 28 to allow cjuick access. According to the 
information of the layout data, the data of the required page 
elements 11' are retrieved from the memory and placed into a buffer 
to generate the image signal for the image reproduction 10. Data 
retrieval can be done out of the random access memory 28 or out of 
the memory means 23, or even out of a combination of both. 

Composition of the image reproduction 10 may be done in a 
progressive manner. Cortiposition is started at the top of the page. 
This signal is to be delivered first to the printing engine 26. As 
mentioned above, composed page data for the image reproduction 10 is 
not directly sent to the printing engine 26 but is stored in a 
memory buffer capable of storing at least a portion of the cort^osite 
image for printing. This buffer may be provided for each colour 
(yellow, magenta, cyan, black) and for other printing stations in 
the printer (e.g. colourless transparent glossy toner in an 
electrographic printer) . Also other toners or inks having special 
properties can be used. When printing on a duplex printer, buffers 
are provided for each side of the page. The processing algorithm 
described herein below may be used for every printing colour or 
extra printing station. 



iilniLllljliiiii 



- 23 - 



This processing for each colour can be done sinvultaneously or one 
colour after another. As it r^y be too expensive to provxde a 
buffer for the whole page, the buffer is preferably sxzed so that 
is capable of taking a portion of the page in the buffer xneznory 
5 collecting the data to be sent to the printer. 

The placement of the page elexnents 11 ' can be done in varxous ways. 

Hereinafter an exax^le is described using a specific algorithm for 
the coxnposition of a page cotnprising several overlapping page 
10 elements 11' - 

in the description following definitions are used: . ^. ^ 

- TOP of the page: this is the beginning of the page which xs fxrst 
coniposed (printed) . 

- End of the page: the portion of the page which is coroposed 

(printed) last. 

- Objects lying closer to the top of the page are located at a lower 
ordinate Y than objects close to the end. 

- in a set of page elements 11', each page element 11 ■ can be 
assigned to a different layer. The page elements 11 ' laying in an 
upper layer mask objects lying in bottom layers when occupying the 
same place on the page. 

Figs 5a to 5d depict representations of four page elements II' to 
.5 be used for composing a page to be printed by the printing engxne 
26. 



Page element A shown in Fig. 5a is a page element composed of a 
text, which is coded in run length coding, and a transparent 
30 backgroxind. 

page element B shown in Fig 5b is a continuous tone JPEG code image 
which has to be printed in a rotated position. 

35 Page element C shown in Fig 5c is a text page element having text 
and a non- transparent background in full colour. For printing on 
the page a clipping path, having the shape of an arrow, is included 
to obtain the form of an arrow. 
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Page element D shown in Fig 5d is a small text page element with 
transparent background. 

Fig. 6 represents an image of the desired output page. The 
segmentation into the regions 12 corresponding to the area tiles 12 * 
is indicated using dashed lines. 

The four page elements (A, B, C and D) are ripped by the CPU 22, 
segmented and stored in the memory means 23. Preferably the area 
tiles 12 ' of the page elements 11' are stored in the random access 
memory 28. A separate layout signal is provided, preferably stored 
in the random access memory 28, describing the page. In order to 
compose the page, first a band in which the image is to be composed 
is defined. 

The following description is given referring to Fig 6 to Fig. 8. 
First a general description is giving for the selection of the page 
elements, afterwards the method is described for the present 
example. 

- The page elements 11 ' are ordered from the upper layer to the 
bottom layer, i.e. an order is made wherein the page elements 11* 
overlying the other are ordered before page elements 11' lying at 
the bottom - 

- A bcind, starting at offset Ol and ending at offset 02, is defined, 
where 02>01. In Fig. 6 the band 01-02 is situated at the top of the 
page. Because the buffer is not capable to store the whole page, 
there is a limit to the length of band that can be stored. This 
limit is called deadline and lies at offset D where D>02 . The 
values of the offsets 01,02 and of the deadline D may vary according 
to the size of the available memory buffer, processing capacity and 
other system variables (disk speed, data bus capacity, , . . ) 

- A list of SPE (selected page elements 11') is made of page 
elements 11' which are necessary for printing this band. These 
selected page elements 11' are selected from a list PE of the 
required page elements 11' for printing the page. Each selected 



j|ff|g|^iijjijfiiil[ 



- 25 - 



page elexaent 11 • is associated with a drawing limit Lspe. indicating 
to what extent the page element will be drawn. This is done by 
following steps: 

- First a drawing limit L is set to 02 . l^is is the limit 
indicating to which extent page elements 11 • will be drawn. The 
value I. is representative for the distance from the top of the 
page to the limit to where the page element 11 ' will be drawn. 

- For every single page element 11' pe^ of the page, required for 
printing the page, which all are ordered in the list PE in 
descending order (upper layer page elements 11 ■ are handled 
first) , following procedure is executed: 

1. set the drawing limit for the page element pe^ to L. 

2 For every single already selected page elements spe^ in the 

list SPE of selected page elements it is checked whether spe^ 

overlays pex of the list PE. 

If spe^ overlays pex in the region between Ol and L, compare 
the drawing limit Lspe^ with the drawing limit of pe^ and set L 
to the highest value. 
3 If pex has a portion to be drawn between 01 and L, add pex to 
the list SPE. This condition can be determined by considering 
the origin of the page element II', the desired orientation and 
size. The drawing limit of this page element 11 • will be set 
to L, but padded to the end of an image block 14- (Sub-portion 
14 of a sub-region 13) obtaining a drawing limit Lspex for the 
newly selected page element 11 ■ - This means that the drawing 
limit of the page element 11 ' is set higher in order to 
coincide with the edge of a row of image blocks 14' . 
4. For the following page elements the same steps are taken using 

the newly obtained L from the previous step. 
The drawing limit can never exceed the deadline D. The case when 
drawing limits coincide with the value of D is described further 
below. 

- For the example in the described embodiment the drawing limit is 
first set to L which is equal to 02. 



- The list PE of page elements comprises in descending order from 
upper layer to bottom layer PE= (C , D, A, B) . The order of these 
elements is determined by the layout data containing the layout 
scheme . 

- For this band, start with an empty list SPE. Thus SPE=(). 

- Page elements C and D do not overlap with the band Ol-L and 
therefore are not selected during the third step when executing 
the procedure described above. The first page element 11' to be 
considered when going through the list of ordered page elements 
PE, is A- 

- Since SPE is empty there are no overlaying page elements 11 ' in 
the list SPE of selected page elements, the value of L need not to 
change . 

- As A has a portion to be drawn in the band 01-02, page element A 
is added to the empty list SPE of selected page elements. Thus 
SPE= (A) . The drawing limit L for this page element 11' is simply 
padded to the end of an image block. This is indicated in Fig 6 
by LA. LA is now the drawing limit of page element A . The image 
sub-portions 14 corresponding to image blocks 14' are not shown 
because their dimensions are too small to be drawn clearly. 

" When considering page element B, the last page element 11' in the 
sequence PE= (C , D, A, B) , it is foTind that A in the list SPE= (A) 
overlaps with element B and that A has a higher drawing limit LA 
than the initial drawing limit L of element B. Therefore the 
drawing limit L is set to LA. 

- Page element B has a portion to be drawn between 01 and L and is 
added to the list SPE, such that SPE=(A,B). 

- The drawing limit L for page element B is padded to the end of an 
image block of B thus obtaining a drawing limit LB, as shown in 
Fig. 6. Therefore the drawing limit LB of the bottom element B is 
higher than the drawing limit LA of element A . 

After the generation of the list SPE list is coirpleted and all 
the drawing limits of the image portions 11 corresponding to the 
page elements 11' in the list SPE are defined, the list of selected 
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page elements SPE={A,B) is backwards accessed, i.e. first B and then 



A. 



First the data of the image blocks 14' of the selected page 
elements 11' lying in the bottom layer and which have not yet been 
written to the buffer during generation of the signal of a previous 
band, if the band which is being processed is not the first, are 
accessed and written to the buffer. Accessing the image blocks 14' 
is preferably done in an order based upon information contained 
within the layout data. By using the metadata at the different 
segmentation levels and the layout data, it is possible to rapidly 
access the data and reproduction parameters in a favourable order, 
and if needed, decon5)ress, translate, rotate or mirror the accessed 
image blocks 14' and place them in the buffer memory at the right 
location in the short available time. This can be done by using 
dedicated hardware for these functions. An other possible solution 
is to use a processor with adapted software. All this has to be 
done quickly as the printing engine 26 is running and the stream of 
data has to be continuous. 

In general, after the bottom layer page elements 11', the upper 
layers, possibly containing overlaying page elements 11', of the 
band are retrieved and written to the buffer. Image blocks, of the 
band to be processed, already written to the buffer during formation 
of a previous band, need not to be reprocessed and written. As 
explained below these blocks are included in the starter left over 
25 from the previous band. When writing into memory locations of the 
buffer, already occupied by page elements 11" laying closer to the 
bottom layer, the data already in the buffer are sin5>ly overwritten. 
This causes no problems as the overlaying page element is always 
written after the bottom layers. 

Because the drawing limit (e.g. Lg) of the underlying page elements 
is always higher than the drawing limit of the overlying page 
elements (e.g. Lb) it is not possible that data of the vinder lying 
page elements is written at memory locations where data of overlying 
page elements is already written. 



In the current exainple, first the required image blocks 14' of page 
element B are accessed, the JPEG coding is decon^jressed and the 
result is quickly rotated by the hardware and is written to the 
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buffer at the desired memory locations. This rotation and other 
transformations can be done fast because of the hierarchical 
segmentation of the page elements 11* and the linear size 
characteristics of the regions 12 . 
5 It is also not necessary to access the image blocks 14 ' of one layer 
in a specific order. .Due to the hierarchical segmentation, a 
placement of the image blocks 14' in a random order is possible. 
The image blocks 14 * caxx also be put at random in the correct 
locations in the buffer. The positioning of underlying image blocks 
10 14* has no influence on the placement of the image blocks 14' of an 
upper level. As mentioned above, a favourable order for accessing 
the image blocks 14 ' may exist depending upon the layout data of the 
page element 11". 

It is also possible to merge page elements 11 ' with an underlying 
bitmap or completely ripped page already in the memory buffer. 

In the cxirrent example the area tiles B8, B9, BIO, BIB, B19, B20, 
B28, B29, B30, B38, B39, B40, B48, B49 and B50 (see Fig. 7) can be 
accessed and stored in the buffer coirqpletely with all their image 

20 blocks 14". As a large area of are tiles BIO, B20, B30, B40 and B50 
is empty, there will be only a small amount of data needed to write 
these area tiles 12' in the buffer. Not all of the image blocks 14' 
of area tiles B7 , B17, B27, B37 and B47 (Fig. 7) have to be drawn 
because these area tiles 12' are divided by the drawing limit Lb- 

25 After completion of the bottom layer containing B, having the JPEG 
coded picture, the image blocks 14' of page element A are accessed, 
the run length coding is decompressed and the data is written to the 
buffer memory. 

Area tiles A1-A4 and A8-A11 (indicated in Fig. 6) are written into 
blank memory locations. The image blocks 14' of area tiles A5-A7 
and A12-A14 (partially) overwrite memory locations already occupied 
i>y page element B. As the background of element A is transparent, 
the image from page element B is not completely overwritten. Only 
the solid text replaces the image data of the picture B in the 
output buffer- Area tiles A8 to A14 are not put into the buffer 
completely as they are divided by drawing limit La. The finished 
result of the first band is indicated by the solid line rectangles 
in Pig, 7. As the bottom layer image blocks of page element B are 
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dravax first to a higher drawing limit Lb it is ir^ossible that later 
drawn i^age blocks of the overlaying area tiles 11 ■ of page element 
A will be overwritten by the image blocks 14' of page element B. 
When a first band is finished, all the page elements 11' no longer 
needed can be deleted from the list PE containing all the page 
elements 11' - In the example page element A can not be omitted from 
the list PE=(C.D,A,B) as area tiles A8 to A14 are not written 
cortpletely to the buffer. If a page element 11' is con^letely 
written to the buffer, but if it is needed further on in the page, 
it is kept also in the list PE. The page elements 11' written xn 
the memory means can be reused at other locations as they are stored 
in an orientation invariant format. 

When the whole band is completed for all the colours of the image, 
the data for the band between 01 and 02 can be sent from the buffer 
to the printing engine 26. As the different drawing limits of the 
page elements 11 ■ may exceed 02 , several image blocks lying in the 
band between 02 and the highest Lspe^ are already drawn. This 
portion between 02 and Lspe, is kept as a starter for the next band. 
After coir^letion of the processing of the first band, a following 
band is defined and the procedure is repeated for this band. The 
processing of the following band has to be completed before all the 
data of the image of the first band has been sent completely to the 
printing engine 26. In this way a continuous stream of data to the 
printing engine 26 can be guaranteed. In relation to the current 
exansjle the new offset Ol is set to the old 02 and a new 02 and 
deadline D are defined as shown in fig. 8. The initial drawing 
limit L is set to the new 02 as shown in fig. 8. Again a list 
SPE=(A,B) is coit«)osed. B is the page element to be placed at the 
bottom layer. A is considered first. As the drawing limit L 
exceeds the location occupied by A, the remaining portion of this 
page element 11 ■ can be written to the buffer completely. For page 
element B a new drawing limit 1^ is set padded to the end of image 
blocks 14 'as indicated in Fig. 8. First the image blocks 14' of 
bottom layer element B are written to the desired locations in the 
buffer. Only the image blocks 14' which have not been processed in 
the previous step need to be accessed. Afterwards the image blocks 
14' of element A which have not yet been processed in the previous 
step are accessed, processed and are written over the memory 



positions of the bottom layer image blocks 14* of page element B. 
Afterwards page element A can be omitted from the list of page 
elements PE={C,D,A,B) to be drawn, giving now PE=(C,D,B). 

In the lower portion of the exairple page, a clipping path shaped as 
an arrow was imposed on the rectangular page element C. While 
retrieving the page element C and writing it to the buffer, 
prefercJ^ly only data within the arrow-like clipping path is written 
to the buffer. 

When, due to multiple page elements 11* overlapping each other, the 
drawing limit L reaches the deadline D, it sometimes is, due to a 
lack of available memory locations in the buffer, iirpossible to pad 
the drawing limit to the end of an image block 14 ' . Image blocks 
14' lying across the deadline D can only be drawn partially. These 
blocks 14' which are drawn incompletely receive a special marker. 
When printing the following bamd, the image blocks 14 ' have to be 
partially redrawn. 

When determining the order for retrieving the image blocks 14 ' of 
the different page elements 11' for composing the image signal, it 
is also possible to take into account the complexity data present 
within the page elements 11', As well the data on compression ratio 
as the data indicating transparency can herein be used. 

If a page element 11* has a large amount of data, it is possible to 
introduce an extra level in the hierarchical segmentation of the 
page elements 11 ' . The page element 11 ' can be divided into several 
page tiles. These page tiles contain area tiles 12' having all the 
necessary data for independent reproduction. These page tiles can 
also be used when merging two separate page elements 11 ' into one 
large page element- Each original page element 11' can seirve as a 
page tile without excessive processing effort. It is one of the 
advantages of the used file format that it enables easy merging of 
several page elements into a bigger one. 

It is clear that the term "page" used in this description is not 
limited to the known page sizes e.g. A4 (210 mm x 29.7 mm) . The 
page size can vary and take \inusual proportions while there are 



virtually no restrictions to the number of page elements 11' on the 
page. As an exait^le of an unusual page size it is noted that the 
digital press AGFA ChromaPress can print pages up to 11 m in length. 
The Agfa ChromaPress is a duplex colour printer (cyan, magenta, 
yellow, black) having a resolution of 600 micro dots per inch (24 
dots per mm) for producing 1000 A3 pages per hour. ChromaPress is a 
trademark of Agfa-Gevaert N.V. in Mortsel, Belgium, 
As the output signal can also take an electronic form, the teirm 
"page" is not limited to a sheet of paper or hardcopy material. 

In the preferred embodiment the obtained image signal is fed from 
the memory buffer for further processing by a screening algorithm. 
A screening algorithm is capable of transforming a continuous tone 
rasterised image to a binary halftone or multilevel halftone image, 
more suitable for printing. Afterwards the printer can print the 
image using the screened colour separations. 

Having described in detail preferred embodiments of the current 
invention, it will now be apparent to those skilled in the art that 
numerous modifications can be made therein without departing from 
the scope of the invention as defined in the appending claims. 
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Parts list 

10, Image reproduction 

10 • . File 

5 11. Image portion 

11'. Page element 

12. Region of image portion 
12 ' . Area tile 

13 . Sub-region of image portion 
10 13 ' . Image tile 

14 . Sub-portion of a sub-region of an image portion 
14 ' . Image block 

20. Processing apparatus 

21. Communication channel 
IS 22. CPU (central processing unit) 

23. Memory means 

24. Data bus 

25. Merge system 
26- Printing engine 

20 27. Data connection 

28. Random access memory 

29. Linear size of image portion 11 

30. Linear size of region 12 



p. 



Method for generating an image signal for an image 
reproduction (10) from: 

- at least one page element (11') having data representative for 
at least one image portion (11) of said image reproduction (10) 
and 

- a layout signal having layout data for defining at least one 
position of said image portion (11) in said image 
reproduction (10) , 

wherein said page element (11') is segmented into a plurality of 
autonomic area tiles (12'), each area tile (12') having tile data 
representative for a region of said image portion (11) , and 
wherein said tile data is stored in a memory means (23) , 
comprising the step of: 

- retrieving from said memory means (23) said tile data according 
to said layout data for generating said image signal. 

Method according to claim 1 wherein a linear size of said 
region (12) is smaller than or equal to half a linear size of 
said image portion (11) . 

Method according to any one of the preceding claims wherein said 
page element (11') includes offset data representative for the 
offset of the memory location of said area tile (12') within said 
page element (11') within the memory means. 

Method according to any one of the preceding claims wherein said 
tile data is stored in said memory meems (23) at contiguous 
memory locations . 

Method according to any one of the preceding claims further 
comprising the step of dividing at least one autonomic area 
tile (12'), into a plurality of image tiles (13'), each image 
tile (13') representing a s\ib-region (13) of said region (12) 
represented by said area tile (12'). 



llliiiiiiiiiiiiiiiiiiiiiiiiiiiii: 



- 34 - 



10 



IS 



20 



6. Method according to claim 5 wherein said page element (11') 

includes offset data representative for the offset of the memory 
locations of data of said image tile (13') within said area tile 
(12- ) . 

7 Method according to claim 5 or 6 wherein a linear size of said 
sub-region (13) is smaller than or equal to half the linear size 
of said region (12) . 

8. Method according to claim 5, 6 or 7 further comprising the step 
of dividing an image tile (13 •) into a plurality of image 
blocks (14-), each image block (14') having data representative 
for a sub-portion (14) of said sub-region (13) and said page 
element (11') having data including reproduction parameters for 
said image blocks (14'). 

9. Method according to claim 8 wherein said page element (11') 
includes offset data representative for the offset of the memory 
location of said image block (14') data within said image tile 
(13 ' ) . 

10. Method according to claim 8 or 9 wherein a linear size of said 
sub-portion (14) of said sub-region (13) is smaller than or equal 
to half the linear size of said siob- region (13) . 

11. Method according to claim 8, 9 or 10 further con^irising the step 
of accessing said tile data by accessing said image blocks (14') 
in an order based upon information of said layout data. 

12. Method according to any one of the preceding claims further 
25 including the step of decompressing said tile data. 

13. Method according to any one of the preceding claims wherein said 
page element (11') contains complexity data representative for an 
amount of processing effort needed to process said tile data of 
said page element (11'). 
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14. Apparatus for generating an image signal for eun image 
reproduction (10) comprising: 

- memory means (23) for storing: 

- data of segmented page elements (11') representative for 

5 at least one portion (11) of said image reproduction (10) and 

- layout data defining at least one position of at least one 
image portion (11) in said image reproduction (10), and a 

- processing unit for 

- retrieving said data of said segmented page elements (11') 
10 in accordance with said layout data, and 

- generating said image sicfnal for image reproduction (10) . 
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PAGE COMPOSING METHOD USING STORED PAGE ELEMENTS AND APPARATUS FOR 
USING THE SAME. 

5 The invention relates to a method and apparatus for merging page 

elements according to a layout signal into one page for reproduction 
on a reproduction device. The page elements are segmented into 
smaller area tiles before storage stored into memory. Data from the 
page elements includes metadata describing the position into the 

10 memory of the s^lb-elements of the page element. Due to the used 
format for the page elements, data needed during merging can be 
retrieved, decompressed an processed quickly so merging can be done 
in real time during printing. The format used for the area tiles 
enables easy and fast execution of various image operations such as 

15 mirroring, rotation, etc... 

Complexity data can be incorporated into the page element data, 
giving information about the amo\int of processing required to 
execute the merging. 
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File header 
Version tag 

Resolution tag 
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Page element sequence 
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File footer 
Page element metadata sequence 

1 - page efement ID 

" start offset of page element 

- Size of page element portion 
before the page element metadata 
tag within the page element 

- Size of ftiU page element 



File footer 
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- Start offset of footer 
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